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FROM THE 
EDITORS 

In this semester's issue, we have 
included something new to the 

DukEngineer of recent memory: an 
article inviting reader feedback. Pam 
McMains' article on environmental 
ethics asks readers to respond to the 
case studies presented by Dr. 
Vesilind. We hope that the responses 
we receive will form the basis for 
another article to be published in the 
Spring 1993 issue. 

By presenting this article to you, 
our readers, the DukeEngineer is offer­
ing you a very real opportunity con­
tribute to the magazine. This marks 
a significant occasion. By soliciting 
reader reaction, we are making man­
ifest a concept which we, as editors, 
must continually ponder: that of the 
relationship between the DukEngi­
neer and its readers. What is, after all, 
the role of the reader in the produc­
tion of this magazine to which we 
have devoted so much effort in 
recent weeks? What are the respon­
sibilities we accept as editors and 
writers, and what responsibility, if 
any, does the reader share with us? 

Perhaps the investigation of the 
relationship between the DukEngi­
neer and its readership should begin 
by taking a closer look at the maga­
zine itself. The DukEngineer is a col­
lection of articles and news briefs 
produced largely by undergraduates 
within the School of Engineering. 
Each semester the magazine includes 
articles covering an ongoing research 
project within each of the four 
departments, feature articles cover­
ing other topics of perceived interest 
to our readers, a news section, and an 
alumni section produced by the 
School's development office. We offer 
this collection of information to you 
hoping that you will find it educa­
tional and entertaining. Now the 
question is, who are you? Nominally, 
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our readership is composed of alum­
ni, current students and their parents, 
and other individuals associated 
with the School of Engineering. 

Fitting into one of these cate­
gories merely explains why you 
received a copy of the magazine. 
Ultimately, your reasons for reading 
it must reflect on the magazine itself. 
Initially, you may have been 
impressed with the high quality of its 
more peripheral aspects, its glossy, 
colorful cover or its professional lay­
out. You may have simply cast a 
roaming eye on this column which 
thus far has apparently held your 
attention. But what do you think 
about what you have read? What has 
the DukEngineer done for you? Has it 
provided you with a momentary dis­
traction in a busy day? Has it bored 
you? Has it brought you new and 
valuable knowledge? Has it made 
you feel a little more in touch with 
the School of Engineering? 

It's kind of ironic. We undergrad­
uates have been writing as a part of 
coursework for more than a decade 
now, translating our thoughts into 
coherent strings of words and pre­
senting them to our instructors for 
evaluation. We have submitted 
copies of our creations to our teach­
ers, waiting for them to be returned, 
adorned by comments indicating just 
how well or poorly we have done. 
Those were audiences of one. Today 
we offer our work to a readership of 
thousands, anticipating little, if any, 
feedback from our audience. It's sort 
of a numbing concept, presenting 
one's writing to throngs of unseen 
and unheard readers. 

Returning to the question origi­
nally posed in this piece, that of the 
relationship between the DukEngi­
neer and its readers, it should be 
apparent that we, the editors, are still 
at the pondering stage. A magazine 
audience is a difficult entity to grasp. 
We need your help. We hope that 
you will be moved by what you read, 
whether the environmental case 
studies or any other selection. And, 
we hope you will respond. 

Sridevi Basavaraju 
Greg Organ 
Andy Vedder 



FROM THE DEAN: 
Strategic Planning 

As you may recall, the School of 
Engineering and indeed all of 

Duke University are undertaking the 
preparation of a new Strategic Plan. 
The cliche, of course, is that the pro­
cess is more important than the plan. 
And indeed the process is certainly 
very important, but the plan is also. 

For your review and comment, 
an executive summary of the plan is 
presented here. We do invite your 
thoughts and suggestions; they 
would be more than welcome. I look 
forward to hearing from you. 

EXECUTIVE SUMMARY-PROLOGUE 
In this prologue we focus on a 

few key issues that are believed to be 
central to the future of our School of 
Engineering. While there are many 
other issues that will be important for 
individuals and groups, the issues 
addressed here are those that will be 
determinative in setting the frame­
work within which many other 
opportunities may be addressed. 
These basic issues are 

• The State of the School and its 
Goals 

• The Partnership Between Sci­
ence and Engineering at Duke 

• The Continuing Development 
of Biotechnology/Biochemical 
and Cellular Engineering of Sci­
ence at Duke 

• An Organizational Evolution 
Based Upon Continuous 
Improvement 

• Partnerships with Industry and 
Other Universities 

• The Budget Formula and the 
Position of the School within 
Duke University 

Each of these issues is interrelat­
ed with the others, but for conve­
nience of exposition they may be 
considered initially separately and in 
this order. 

• The State of the School and its 
Goals 

A helpful concise summary of 
the recent history, present state and 
future direction of the School is pro­
vided in the chart on the next page. 
By various measures and values, the 
progress of the School from 1981-
2000 is shown. Several key points 
emerge. 

• The School has made a transi­
tion from being almost entirely 
focused on the classroom teach­
ing of undergraduates to a 
more balanced program of 
teaching and research for both 
undergraduate and graduate 
students in the classroom and 
laboratory. 

• There has been by design in the 
last decade a modest increase in 
the number of undergraduates 
and a substantial increase in the 
number of faculty and a corre­
sponding increase in the num­
ber of graduate students. A 
much better balance has been 
achieved that encourages and 
supports our faculty to renew 
continually their mastery of 
their subject and thereby pro­
vide the best possible education 
for all students. 

• A new academic program has 
been added, Biochemical Engi­
neering, and we look toward a 
closer partnership with our col­
leagues in the several science 
departments. Special opportu­
nities exist with Computer Sci­
ence and the Life Sciences. 

• The resources needed to propel 
our program to the top of engi­
neering schools in this country 
and abroad have been provid­
ed in the past, but this work is 
never done. Career counseling 
and placement for our stu­
dents, development (fundrais­
ing) for all, and timely avail-
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Era 

Goals/Mission 

Undergraduates 
Graduates (MS 
&PhD) 

Academic Programs 

Faculty 

Placement 

PhD Program 

External / 
Development 

Facilities 

1981 

Teaching of 
Undergraduates 

800 
125 

Biomedical Eng'ng, 
Civil & Environ­
mental, Electrical, 
Mechanical & Mat'ls 

50 

Good for 
Undergrads 

Small 

Modest 

Old Red and the 
Annex 

1986 

Improved teaching 
of undergrads and 
an emerging 
graduate program. 

860 
200 

Biochemical 
Engineering added. 

62 

Improving for 
Grads 

Growing 

Substantial 

Teer Library 
Building 

1991 

Superb teaching of 
undergrads and a 
nationally com­
petitive graduate 
program 

910 
270 

School of the Envi­
ronment estab­
lished with greater 
synergism with 
Environmental Engi­
neering & Geology 

79 

Good for all 
students 

Competitive 

Growing 

Center for 
Engineering 
Education 

1996 

Superb teaching of 
undergrads & grads 
with a nationally 
renowned research 
program. 

1000 
360 

Computer Eng. 
added with greater 
synergism a among 
Computer Science, 
Electrical Engi­
neering & Physics 

90 

Good for all 
students 

Strong 

Still Growing 

Science Resource 
Center 

2001 

Acknowledged as 
the best in quality 

1100 
400 

Biochemistry, 
Biochemical Eng., 
Biomedical Eng., 
Cell Biology, and 
Chemistry for a 
synergistic whole. 

100 

Good for all 
students 

Outstanding 

Still Growing 

North Building &a 
New Building 

ability of facilities will continue 
to deserve and receive special 
emphases. 
Looking toward the year 2000, 
we see a School that provides 
excellent teaching for all stu­
dents, a nationally renowned 
research program, a moderate­
ly larger faculty and student 
body, a substantially closer rela­
tionship between the sciences 
and engineering, and the facil­
ities and resources to provide 
for all the above. 
Numerical goals or bench­
marks are shown in the chart 
on the next page. These point 
out that with respect to quality 
of undergraduate and graduate 
students, as measured by SAT 
and GRE scores respectively, 
we are in the top ten engineer­
ing schools in the country. With 
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respect to the number of under­
graduate students or graduate 
students or faculty or number 
of sponsored research dollars 
there are no absolute bench­
marks. In particular, beyond a 
certain point bigger is not nec­
essarily better. What is impor­
tant here is again a question of 
balance. For example, for a cer­
tain number of undergraduates 
(this number is essentially fixed 
by university policy), we need 
a sufficient number of faculty to 
provide them with an excellent 
education. But to keep these 
faculty at the forefront of their 
subjects they need the opportu­
nity to engage in research as 
well as teaching. This, in turn, 
requires a certain number of 
graduate students and research 
dollars. If the latter are too 
small, the research effort will be 
anemic and ineffective; if the 

latter are too large the faculty 
will be spending inordinate 
amounts of time seeking fund­
ing and will not be able to 
properly supervise or instruct 
their students, be they graduate 
or undergraduate. Hence it is a 
matter of a delicate and 
dynamic balance, that may 
change with time and needs 
constant attention and support. 
The goals shown provide our 
best current evaluation of 
where we want to be. 

• The Partnership between Science 
and Engineering at Duke 

A partnership of longstanding 
has existed as manifested by the 
presence of engineering students in 
many science courses as well as a 
smaller number of science students 
in engineering classes, joint research 
projects involving science and engi­
neering faculty and graduate stu-



dents, and shared facilities, e.g. a 
computer network and the Engineer­
ing Library which includes the Com­
puter Science collection and comple­
ments the holdings of the 
Mathematics-Physics and Medical 
Science Libraries. However there is 
an opportunity for a substantially 
broader and deeper partnership to 
work more effectively toward com­
mon goals. These goals would 
include 

• a reversal of declining under­
graduate science enrollments 

• a synergistic and effective use 
of common facilities, e.g. the 
Science Research Center 

• a creation of critical mass facul­
ty, student and staff strength to 
compete successfully with 
other leading universities 
and 

• creation of a sound and sustain­
able basis for meeting financial 
needs 

Fundamentally the partnership 
needs a creative re-thinking based 
upon basic principles. A task force 
appointed by the Provost might be 
one mechanism to pursue this oppor­
tunity. 

• The Continuing Development of 
Biotechnology/Biochemical and 
Cellular Engineering and Science 
at Duke 

As our Board of Visitors has 
noted, this is an enormous opportu­
nity for Duke to make a quantum 
jump in our leadership position in 
science and engineering. Whatever 
path we choose to take, it must be 
pursued vigorously. Our goal shall 
be the creation of a Department cov­
ering this area of science and engi­
neering within the next five years. 
We must succeed in this enterprise as 
a University whatever the detailed 
path. Failure is not an option. 

• An Organizational Evolution 
based upon Continuous 
Improvement 

Some would say this is simply 
old fashioned American ingenuity 
and hard work, and they may well 
be right. If so, then we must restore 
and further strengthen these values 
in our School, University and Coun­
try. Working with other similarly 
motivated colleagues, e.g. the Fuqua 
School of Business, we must and can 
take all of our efforts to higher levels 
of energy and productivity. 

• Partnerships with Industry and 
Other Universities 

We can be an even more attrac­
tive partner tomorrow than we are 
today for future colleagues in indus­
try and at other universities. Indeed 

addressing the previously discussed 
issues will help make us so. Con­
versely we need to seek and make 
the best use of opportunities for such 
partnerships to help us with our bud­
get, University partnerships, devel­
opment of new opportunit ies in 
biotechnology and establishment of 
a system of continuous improve­
ment. 

• The Budget Formula and the 
Position of the School within 
Duke University 

The Budget Formula has served 
the School and University well. It has 
provided a basis for long range plan­
ning with the assurance of continuity 
and fiscal responsibility from year to 
year. Because of events external to 
the School and University, increased 
budgetary pressures have led to a 
breakdown in the formula agree­
ment. It is imperative that a fair and 
workable formula system be 
restored. 

These then are the issues and 
challenges before us. Working 
together, we can respond effectively 
and enthusiastically to present and 
future opportunities and provide the 
foundation of an even brighter future 
for ourselves and our posterity. 

—Earl H. Dowell 

UNDERGRADS 

SAT 

PhD STUDENTS 

GRE 

FACULTY 

RESEARCH $ 

ACHIEVEMENTS: 
PAST, PRESENT AND PROSPECTIVE 

1981 

800 

1300-1400 

80 

— 

50 

$2 MM 

1991 

900 

1300-1400 

150 

1300-1400 

80 

$8MM 

1996 

1000 

1300-1400 

270 

1300-1400 

90 

$15 MM 

2001 

1100 

1300-1400 

320 

1300-1400 

100 

$25 MM 

NATIONAL 
RANKING 

N/A 

TOP TEN 

N/A 

TOP TEN 

N/A 

N/A 
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C urrent data show that "... recent 

growth in minority participation 

in engineering programs far exceeds the 

growth that has been taking place in the 

proportion of minorities in the college-

age population." Even so, "Minority 

women are far more underrepresented in 

engineering with respect to their pres­

ence in the population than minority 

men." However, "Although white/non-

minority American women still domi­

nate the women's engineering scene, 

American women of color are more high­

ly represented as engineering students 

in each of their respective ethnic minor­

ity groups." 
These bits and pieces are taken 

from Manpower Comments, pub­
lished nine times per year by the 
Commission on Professionals in Sci­
ence and Technology and Engineer­
ing Manpower Bulletin, published 
by the Engineering Manpower Com­
mission of the American Association 
of Engineering Societies. There are 
updates on some of the columns I 
have written over the years on the 
issue of the engineering supply 
pipeline that pertain to those popu­
lation categories which have been 
recognized for some time as relative­
ly untapped resources. 

To put those comments in con­
text, let's look at the production of 
bachelor 's degrees over the past 
twenty years or so. In 1974, the first 
year that national statistics were kept 
on the number of bachelor's degrees 
in engineering awarded to all under-
represented minorities as well as to 
women, the numbers of degrees 
were for women - 744, for African-
Americans - 743, for Hispanic-Amer­
icans - 636, and for Native Americans 
- 32. Of the 38,574 degrees awarded 

FROM THE 
ASSOCIATE DEAN 

Bits and Pieces 
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that year, the sum of these popula­
tions constitutes only 5.6 percent of 
the total. Two charts show the degree 
production from 1974 to 1991. 
(Native Americans have been omit­
ted because the number and percent­
age of degrees are so small that they 
lie along the abscissa axis.) The total 
number of degrees peaked in 1985 at 
71,564 and the number awarded to 
women peaked two years later at 
11,675. Peaks for African-Americans 
and Hispanic-Americans occurred in 
1988 and 1989, respectively, at 2,211 
and 1,996. 

If one compares these degree 
data with demographic information 
and with enrollment statistics some 
interesting observations emerge. For 
example, the increase in non-white 
share of 18 year-olds in the total pop­
ulation over the time span 1975-1980 
was 8.6 percent, while the increase in 
the underrepresented minority share 
of degrees in engineering (lagged 
five years) was 22 percent. During 
the subsequent five year period, 
1980-1985, the respective increases 

were 6.7 percent and 29.5 percent. 
Thus, the propensity for underrepre­
sented minorities to enter the engi­
neering profession has been increas­
ing, and they are helping to fill the 
pipeline. 

Looking more closely at the per­
centage of women engineering grad­
uates within population categories 
also is revealing. Of the bachelor's 
degrees awarded to African-Americans 
in 1990-1991, for example, 34 percent 
were earned by women. Correspond­
ingly, 20.1 percent of the Hispanic-
American degrees were earned by 
women, 18.7 percent for native 
Americans, 20.7 percent for Asian-
Americans, and only 14.8 percent for 
whi te /non-minor i ty American 
women. The same patterns hold true 
for master's and Ph.D. degrees. 

If we now turn to the matter of 
how we might improve these trends, 
there are two considerations. The 
charts show that for the past five 
years the percentage of degrees 
awarded to women is essentially flat 
and for underrepresented minorities 
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there is an increase but it is small. 
First, then, we need to find ways to 
attract more women and minorities 
to enroll in engineering programs. 
There are many programs being 
sponsored by corporations, engineer­
ing societies, special organizations 
such as NACME and GEM, and uni­
versities and colleges themselves 
which are experiencing varying 
degrees of success in these efforts. In 
fact, many of the gains experienced 
over the past two decades reflect 
those efforts. 

The second consideration is that 
of retention. Comparing enrollment 
patterns to degree production is dif­
ficult for many reasons. Many stu­
dents transfer into engineering as 
well as out during their undergrad­
uate years, and many students enter 
engineering programs as upperclass­
men after completing pre-engineer-
ing programs outside four-year engi­
neering institutions. Also, first-year 
students at many institutions are not 
allowed to declare engineering 
majors, and even the average num­
ber of years it takes to earn a bache­
lor's degree in engineering has been 
changing from four years to five 
years if one looks at all the engineer­
ing programs across the country. All 
of these factors combined make it 
very difficult to assess retention of 
the various population categories. 
Nevertheless, a comparison between 
first year enrollments and numbers 
of degrees four years later, made by 
the Engineering Manpower Com­
mission, do yield some information 
on retention nationally. In the most 
recent four year period for which 
these data have been published, the 
ratios of bachelor's degrees to first 
year students matriculating four 
years previously are: for all students 
- .64; African-Americans - .35; His­
panic- Americans - .59; Native Amer­
icans - .29; Asian-Americans - .92; 
women - .66; and white/non-minor­
ity American men - .65. 

An examination of Duke Engi­
neering statistics on enrollments, 
retention, and degree production 
provide some interesting compar­
isons to these national data . In the 
early 70's the fraction of women 
enrolled was about 10 percent (ver­
sus 5 percent nationally) but 
increased to over 20 percent by the 
late 70's (about 10 percent national-

BSE DEGREES - UNITED STATES 
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ly). Unfortunately, changes in our 
small data base due to transfers 
between the School of Engineering 
and Trinity College of Arts and Sci­
ences preclude making meaningful 
statements regarding retention of 
women, even in a manner similar to 
that used by EMC for the much larg­
er national data base. However, we 
can note that during the 1980's the 
proportion of women enrolled in 
Duke's engineering programs aver­
aged 25 percent and the proportion 
of bachelor's degrees awarded to 
women averaged 23 percent. 

With respect to underrepresented 
minorities, particularly African-
Americans, we can be more defini­
tive. Our population sample is small 
and the enrollment, retention, and 
degree production data have been 
monitored and are precise. For exam­
ple, during the last half decade the 
percentage of African-Americans 
enrolled in the School has averaged 
7.4 versus 5.7 nationally and 61 per­
cent of the African-Americans admit­
ted to the School of Engineering have 
received their BSE degrees, com­
pared to 28-30 percent nationally. 

Finally, having stated that our 
data base is not constant because of 
transfers into and out of the School, 
some indication of its change is 
worth noting. As an example, over 
the eight year period ending in 1988, 
a total of 1800 first year students 
matriculated in Engineering and -
lagged four years - 1647 bachelor's 
degrees were awarded. But during 
that same period 463 students trans­
ferred to Trinity College and 360 

transferred into Engineering. Thus, 
these two populations have only 75-
80 percent commonality. It is worth 
noting though that a large majority of 
those who transfer out do, in fact, 
graduate from Duke and over the 
same eight year period an average of 
89 percent of the students entering 
the University received their degrees 
in four years or less, while nearly 92 
percent received their degrees in five 
years or less. 

Originally I had intended to 
include some bits and pieces about 
the demand for engineering gradu­
ates as well as the supply. However, 
due the complexities of that subject 
and the fact that projections are so 
subject to the economic and political 
climates, both nationally and global­
ly, I'll save that topic for another time. 

—Marion L. Shepard 
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